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1
METHOD FOR IMPROVED LOAD
BALANCING IN COMMUNICATION
SYSTEMS

FIELD OF THE INVENTION

The present invention relates generally to communica-
tions and, in particular, to load balancing in communication
systems.

BACKGROUND OF THE INVENTION

This section introduces aspects that may help facilitate a
better understanding of the inventions. Accordingly, the
statements of this section are to be read in this light and are
not to be understood as admissions about what is prior art or
what is not prior art.

The present solution for SON (Self Optimizing Network)
Mobility Load Balancing is to balance the load between
different eNBs (evolved Node Bs) while attempting to
minimize the number of handovers. Currently, this includes
only the radio load. Each eNB monitors its radio load,
exchanges radio load estimates over X2, identifies the need
to do load balancing and then alters handover parameters.
After that, certain UEs (user equipment) are handed over
from one eNB to another eNB through the X2 interface.
Unbalanced load situations are detected by measuring usage
of radio resources (total transmit power, interference and
throughput).

Since the traffic load is balanced only by considering radio
resources, there are situations in which UEs may be trans-
ferred to an eNB with much lower backhaul capacity (say
multiple T1s, instead of fiber) which can result in poor
overall end-to-end performance (QoE, D/DV/Jitter, etc.).
Thus, new solutions that are able to improve present-day
load balancing techniques would meet a need and advance
wireless communications generally.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a logic flow diagram of functionality performed
by a network node in accordance with various embodiments
of the present invention.

FIG. 2 is a logic flow diagram of functionality performed
by a network node in accordance with various embodiments
of the present invention.

FIG. 3 is a block diagram depiction of an LTE commu-
nication network, in accordance with various embodiments
of the present invention.

FIG. 4 is a messaging flow diagram depicting the mea-
surement of Ethernet frame loss between Node B (SGW or
PGW) and Node A (eNB), in accordance with various
embodiments of the present invention.

Specific embodiments of the present invention are dis-
closed below with reference to FIGS. 1-4. Both the descrip-
tion and the illustrations have been drafted with the intent to
enhance understanding. For example, the dimensions of
some of the figure elements may be exaggerated relative to
other elements, and well-known elements that are beneficial
or even necessary to a commercially successful implemen-
tation may not be depicted so that a less obstructed and a
more clear presentation of embodiments may be achieved. In
addition, although the logic flow diagrams above are
described and shown with reference to specific steps per-
formed in a specific order, some of these steps may be
omitted or some of these steps may be combined, sub-
divided, or reordered without departing from the scope of
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the claims. Thus, unless specifically indicated, the order and
grouping of steps is not a limitation of other embodiments
that may lie within the scope of the claims.

Simplicity and clarity in both illustration and description
are sought to effectively enable a person of skill in the art to
make, use, and best practice the present invention in view of
what is already known in the art. One of skill in the art will
appreciate that various modifications and changes may be
made to the specific embodiments described below without
departing from the spirit and scope of the present invention.
Thus, the specification and drawings are to be regarded as
illustrative and exemplary rather than restrictive or all-
encompassing, and all such modifications to the specific
embodiments described below are intended to be included
within the scope of the present invention.

SUMMARY OF THE INVENTION

Various methods are provided to address the need for
improved load balancing. In a first method, a packet loss is
determined for traffic sent between a first network node and
a second network node. The determined packet loss is then
used to determine whether to perform load balancing.

Many embodiments are provided in which the first
method is modified. For example, in many embodiments the
first network node comprises an eNB (evolved Node B) and
the second network node comprises at least one of a SGW
(Serving Gateway) or a PGW (Packet Data Network Gate-
way). In many embodiments, determining the packet loss for
traffic sent between the first network node and the second
network node involves determining an Ethernet frame loss
for the traffic. Also, depending on the embodiment, the
packet loss determined may just be the packet loss for high
priority traffic sent between the first network node and the
second network node, while in other embodiments the
packet loss for medium and/or low priority traffic may also
be determined.

In some embodiments, a loading level for traffic between
the first network node and mobile devices served by the first
network node is also determined, and this loading level is
used to determine whether to perform load balancing in
addition to the packet loss that was determined. For
example, in certain embodiments, determining whether to
perform load balancing involves determining whether a cost
function exceeds a threshold, wherein the cost function is
computed from the packet loss determined and the loading
level determined and wherein the packet loss determined
comprises a packet loss for at least one of high priority traffic
sent between the first network node and the second network
node, medium priority traffic sent between the first network
node and the second network node, or low priority traffic
sent between the first network node and the second network
node.

In some embodiments, a request is sent to at least one
neighboring network node for a current loading status of that
neighboring network node. Furthermore, a current loading
status may be received from at least one neighboring net-
work node indicating a wireless loading level of that neigh-
boring network node and a backhaul loading level of that
neighboring network node. Using the at least one current
loading status received, load balancing may then be per-
formed.

In a second method, a first network node receives a
request from a neighboring network node for a current
loading status of the first network node. The first network
node sends to the neighboring network node an indication of
a backhaul loading level of the first network node.
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Many embodiments are provided in which the second
method is modified. For example, in many embodiments, the
first network node also sends to the neighboring network
node an indication of a loading level for traffic between the
first network node and mobile devices served by the first
network node. In many embodiments, a packet loss for
traffic sent between the first network node and a second
network node is also determined and the backhaul loading
level is then determined using the packet loss. In many
embodiments, the first network node comprises an eNB
(evolved Node B) and the second network node comprises
at least one of a SGW (Serving Gateway) or a PGW (Packet
Data Network Gateway).

In many embodiments, determining the packet loss for
traffic sent between the first network node and the second
network node involves determining an Ethernet frame loss
for the traffic. Depending on the embodiment, determining
the backhaul loading level using the packet loss involves
determining a packet loss parameter value to indicate a
range of packet loss values in which the determined packet
loss is included. Also, depending on the embodiment, an
indication of the packet loss parameter value is also indi-
cated by the indication of the backhaul loading level of the
first network node that is sent.

DETAILED DESCRIPTION OF EMBODIMENTS

To provide a greater degree of detail in making and using
various aspects of the present invention, a description of our
approach to load balancing and a description of certain, quite
specific, embodiments follows for the sake of example.
FIGS. 3 and 4 are referenced in an attempt to illustrate some
examples of specific embodiments of the present invention
for LTE (Long Term Evolution) communication networks.

FIG. 3 is a block diagram depiction of an LTE commu-
nication network 300, in accordance with various embodi-
ments of the present invention. As depicted, network 300
includes eNBs (evolved Node Bs), a MME (Mobility Man-
agement Entity), a SGW (Serving Gateway), a PGW (Packet
Data Network Gateway), an HSS, and a PCRF. Network 300
preferably communicates with user equipment (UEs) and
IMS & IP services.

In general, the load balancing decision process, as pro-
posed in these embodiments, is not just based on the RAN
(Radio Access Network) traffic load but also on the mea-
sured backhaul (BH) load between the eNB and the SGW, or
between the eNB and the PGW.

Thus, each eNB determines (measures and then estimates)
the backhaul load and then considers this load when bal-
ancing traffic between eNBs. The network load is estimated
by measuring the Ethernet frame loss between itself (eNB)
and the SGW or PGW, using Ethernet Performance Moni-
toring (ITU_T Y.1731) frame loss measurements (LMM,
LMR) for High Priority, Medium Priority and Low Priority
traffic. Alternatively, one could just use the frame loss
measurements for the High Priority traffic. The premise is
that the Ethernet frame loss on a link is a reliable indicator
of the network load. If the Ethernet frame loss between eNB
and SGW (or eNB and PGW) is more, the network load is
likely to be higher.

Currently, load balancing in LTE is performed by con-
sidering only the radio load. However, this approach does
not necessarily lead to better performance end-to-end due to
bottlenecks elsewhere. Estimates of the network load allows
each eNB to do load balancing based on a minimization of

10

20

25

40

45

55

4

a cost function that includes both the radio load and back-
haul load. For example, in certain embodiments the follow-
ing steps are performed:

1) eNB gets inputs from UE to determine radio load.
Currently, these may include: average number of
DL/UL PRBs that were scheduled over a period indi-
cated in measurement time for RT, n-RT traffic, UL
RACH PRB. Optional: Intercell Interference Indicator
for each RB.

2) Is radio load>threshold?

3) If yes: Measure the backhaul (BH) load between the
eNB and the PGW. This is done by measuring the
Ethernet frame loss between the eNB and one or more
PGW’s for HP/MP/LP traffic separately. A parameter
“Packet Loss Parameter” is defined that indicates the
BH load as follows. For example:

Packet Loss Parameter=10, if Ethernet
loss>=10"-1

Packet Loss Parameter=9, if Ethernet frame loss>=10"-2

Packet Loss Parameter=8, if Ethernet frame loss>=10"-3

Packet Loss Parameter=7, if Ethernet frame loss>=10"-4

frame

Packet Loss Parameter=1, if Ethernet frame loss>=10"-7

Packet Loss Parameter=0, if Ethernet frame loss<10"-7

(The Ethernet frame loss is measured for HP/MP/LP
traffic separately.)

4) Source eNB computes the cost function (CF):

CF=w1*radio load+w2*Packet Loss Parameter (for
HP)+w3*Packet Loss Parameter (for MP)+
w4*Packet Loss Parameter (for LP)

where w1-w4 are weights, and packet loss parameter is on
a scale of 1-10.

5) If cost function (CF) is >threshold, then will load
balancing occur.

If an eNB experiences high (radio+BH) load, it sends a
request message to neighboring eNBs asking them to
report their load status. This load status should include
both the radio load and the BH load (“Packet Loss
Parameter”) as above. Once the requesting eNB
receives the measurements, it can then determine how
to reduce its load through load balancing.

ITU-T specifies Ethernet two-way frame loss measure-
ments. This allows the originating node (eNB) to determine
the Ethernet frame loss between itself and say the SGW,
either in the downlink direction as shown in messaging
diagram 400 in FIG. 4 (from PGW/SGW (node B) to eNB
(node A)) or in the uplink direction (from eNB to SGW/
PGW). The two-way Ethernet frame loss measurement uses
the frame loss measurement request (LMM) and frame loss
measurement reply (LMR) frames.

The source (eNB) sends out a LMM frame (LMM1, as
specified in ITU-T Y.1731). This triggers a LMR response
(LMR1) from the SGW or PGW with a counter correspond-
ing to the transmit count of the number of Ethernet frames.
The LMR is transmitted back to the originating end point
(eNB). This is repeated again (LMM2, LMR2) after a time
interval A,. The receiving eNB can measure the received
number of Ethernet frames each time (A,: number of frames
received by A in the given time interval). The eNB can then
calculate the frame loss for data traffic riding along the
bearer path in the B—A direction, i.e. the traffic sent by
B—the traffic received by A(A;-A, where A; is the number
of frames sent by B). A needs to know 2 counter values from
B, Tx1 and Tx3; therefore, A needs two loopbacks (LMM/
LMR) to get them. Thus, ETH-LM measurement helps the
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eNB determine the Ethernet frame loss in the downlink
direction. Similar measurements, if needed, can be made in
the uplink direction.

The detailed and, at times, very specific description above
is provided to effectively enable a person of skill in the art
to make, use, and best practice the present invention in view
of what is already known in the art. In the examples,
specifics are provided for the purpose of illustrating possible
embodiments of the present invention and should not be
interpreted as restricting or limiting the scope of the broader
inventive concepts.

Aspects of embodiments of the present invention can be
further understood with reference to FIGS. 1 and 2. Diagram
100 of FIG. 1 is a logic flow diagram of functionality
performed by a network node in accordance with various
embodiments of the present invention. In the method
depicted in diagram 100, a first network node determines
(101) a packet loss for traffic sent between the first network
node and a second network node. The determined packet
loss is then used to determine (103) whether to perform load
balancing.

In many embodiments, determining the packet loss for
traffic sent between the first network node and the second
network node involves determining an Ethernet frame loss
for the traffic. Also, depending on the embodiment, the
packet loss determined may just be the packet loss for high
priority traffic sent between the first network node and the
second network node, while in other embodiments the
packet loss for medium and/or low priority traffic may also
be determined.

In some embodiments, a loading level for traffic between
the first network node and mobile devices served by the first
network node is also determined (102), and this loading
level is used to determine (103) whether to perform load
balancing in addition to the packet loss that was determined.
For example, in certain embodiments, determining whether
to perform load balancing involves determining whether a
cost function exceeds a threshold, wherein the cost function
is computed from the packet loss determined and the loading
level determined and wherein the packet loss determined
comprises a packet loss for at least one of high priority traffic
sent between the first network node and the second network
node, medium priority traffic sent between the first network
node and the second network node, or low priority traffic
sent between the first network node and the second network
node.

Diagram 200 of FIG. 2 is a logic flow diagram of
functionality performed by a network node in accordance
with various embodiments of the present invention. In the
method depicted in diagram 200, a first network node
receives (201) a request from a neighboring network node
for a current loading status of the first network node. The
first network node sends (204) to the neighboring network
node an indication of a backhaul loading level of the first
network node.

In many embodiments, the first network node also sends
to the neighboring network node an indication of a loading
level for traffic between the first network node and mobile
devices served by the first network node. In many embodi-
ments, a packet loss for traffic sent between the first network
node and a second network node is also determined (202)
and the backhaul loading level is then determined (203)
using the packet loss.

In many embodiments, determining the packet loss for
traffic sent between the first network node and the second
network node involves determining an Ethernet frame loss
for the traffic. Depending on the embodiment, determining
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the backhaul loading level using the packet loss involves
determining a packet loss parameter value to indicate a
range of packet loss values in which the determined packet
loss is included. Also, depending on the embodiment, an
indication of the packet loss parameter value is also indi-
cated by the indication of the backhaul loading level of the
first network node that is sent (204).

Benefits, other advantages, and solutions to problems
have been described above with regard to specific embodi-
ments of the present invention. However, the benefits,
advantages, solutions to problems, and any element(s) that
may cause or result in such benefits, advantages, or solu-
tions, or cause such benefits, advantages, or solutions to
become more pronounced are not to be construed as a
critical, required, or essential feature or element of any or all
the claims.

As used herein and in the appended claims, the term
“comprises,” “comprising,” or any other variation thereof is
intended to refer to a non-exclusive inclusion, such that a
process, method, article of manufacture, or apparatus that
comprises a list of elements does not include only those
elements in the list, but may include other elements not
expressly listed or inherent to such process, method, article
of manufacture, or apparatus. The terms a or an, as used
herein, are defined as one or more than one. The term
plurality, as used herein, is defined as two or more than two.
The term another, as used herein, is defined as at least a
second or more. Unless otherwise indicated herein, the use
of relational terms, if any, such as first and second, top and
bottom, and the like are used solely to distinguish one entity
or action from another entity or action without necessarily
requiring or implying any actual such relationship or order
between such entities or actions.

The terms including and/or having, as used herein, are
defined as comprising (i.e., open language). The term
coupled, as used herein, is defined as connected, although
not necessarily directly, and not necessarily mechanically.
Terminology derived from the word “indicating” (e.g.,
“indicates” and “indication”) is intended to encompass all
the various techniques available for communicating or ref-
erencing the object/information being indicated. Some, but
not all, examples of techniques available for communicating
or referencing the object/information being indicated
include the conveyance of the object/information being
indicated, the conveyance of an identifier of the object/
information being indicated, the conveyance of information
used to generate the object/information being indicated, the
conveyance of some part or portion of the object/informa-
tion being indicated, the conveyance of some derivation of
the object/information being indicated, and the conveyance
of some symbol representing the object/information being
indicated.

What is claimed is:

1. A method for load balancing, the method comprising:

determining, by a first network node, a loading level
between the first network node and at least one end
device served by the first network node;

determining, by the first network node, a plurality of
packet losses for traffic sent between the first network
node and a second network node, the traffic having
different priority levels and each of the plurality of
packet losses corresponding to one of the different
priority levels; and

determining, by the first network node, to perform the
load balancing based on a cost function that is a
weighted combination of the determined loading level
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and the determined plurality of packet losses corre-
sponding to the different priority levels of the traffic.

2. The method as recited in claim 1, wherein the first
network node is an evolved Node B (eNB) and the second
network node is one of a Serving Gateway (SGW) or a
Packet Data Network Gateway (PGW).

3. The method as recited in claim 1, wherein the deter-
mining the plurality of packet losses for the traffic sent
between the first network node and the second network node
comprises:

determining an Fthernet frame loss for traffic sent

between the first network node and the second network
node.

4. The method as recited in claim 1, wherein the deter-
mining to perform the load balancing comprises:

determining whether the cost function exceeds a thresh-

old, wherein

the cost function is computed from the plurality of packet

losses and the loading level, and

the plurality of packet losses includes a first packet loss

for high priority traffic sent between the first network
node and the second network node, a second packet
loss for medium priority traffic sent between the first
network node and the second network node, and third
packet loss for low priority traffic sent between the first
network node and the second network node.

5. The method as recited in claim 1, further comprising:

sending a request to at least one neighboring network

node for a current loading status of the neighboring
network node.

6. The method as recited in claim 5, further comprising:

receiving from the at least one neighboring network node

the current loading status of the at least one neighbor-
ing network node, wherein the current loading status of
the at least one neighboring network node indicates a
wireless loading level of the at least one neighboring
network node and a backhaul loading level of the at
least one neighboring network node.

7. The method as recited in claim 6, further comprising:

performing the load balancing using the current loading

status received from the at least one neighboring net-
work node.

8. A method for load balancing, the method comprising:

receiving, by a first network node, a request from a

neighboring network node for a current loading status
of the first network node;
determining, by the first network node, a loading level for
traffic sent between the first network node and at least
one end device served by the first network node;

determining, by the first network node, a backhaul loading
level of the first network node based on a cost function
that is a weighted combination of the determined
loading level for the traffic sent between the first
network node and the at least one end device served by
the first network node and a plurality of packet losses
for traffic sent between the first network node and a
second network node, the traffic having different pri-
ority levels and each of the plurality of packet losses
corresponding to one of the different priority levels;
and

sending, by the first network node to the neighboring

network node, the loading level and the backhaul
loading level as the current loading status of the first
network node to the neighboring network node, the
neighboring network node performing the load balanc-
ing based on the current loading status and the loading
level sent by the first network node.
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9. The method as recited in claim 8, wherein the first
network node is an evolved Node B (eNB) and the second
network node is one of a Serving Gateway (SGW) or a
Packet Data Network Gateway (PGW).

10. The method as recited in claim 8, wherein the deter-
mining the plurality of packet losses for the traffic sent
between the neighboring network node and the other net-
work node includes determining an Ethernet frame loss for
the traffic sent between the first network node and the second
network node.

11. The method as recited in claim 8, wherein the deter-
mining the backhaul loading level using the plurality of
packet losses comprises:

determining a packet loss parameter value to indicate a

range of packet loss values in which the plurality of
packet losses are included.
12. The method as recited in claim 11, wherein the
sending the indication of the backhaul loading level of the
first network node includes sending an indication of the
packet loss parameter value.
13. A method for load balancing, the method comprising:
determining, by a first network node, a plurality of packet
losses for traffic sent between the first network node
and a second network node, the determined packet loss
including a first packet loss for at least one of high
priority traffic sent between the first network node and
the second network node, a second packet loss for
medium priority traffic sent between the first network
node and the second network node, and a third packet
loss for low priority traffic sent between the first
network node and the second network node;

determining, by the first network node, a loading level for
traffic between the first network node and mobile
devices served by the first network node; and

determining, by the first network node, to perform load
balancing by determining whether a cost function
exceeds a threshold, the cost function being computed
from the determined plurality of packet losses and the
determined loading level.

14. A non-transitory computer-readable medium compris-
ing computer-readable instructions, which when executed
by a processor, cause the processor to perform load balanc-
ing by,

determining, by a first network node, a loading level

between the first network node and at least one end
device served by the first network node;

determining, by the first network node, a plurality of

packet losses for traffic sent between the first network
node and a second network node, the traffic having
different priority levels and each of the plurality of
packet losses corresponding to one of the different
priority levels; and

determining, by the first network node, to perform the

load balancing based on a cost function that is weighted
a combination of the determined loading level and the
determined plurality of packet losses corresponding to
the different priority levels of the traffic.

15. A network node comprising:

a memory having computer-readable instructions stored

thereon; and

a processor configured to execute the computer-readable

instructions to perform load balancing by,

determining, by a first network node, a loading level
between the first network node and at least one end
device served by the first network node;

determining, by the first network node, a plurality of
packet losses for traffic sent between the first net-
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work node and a second network node, the traffic
having different priority levels and each of the plu-
rality of packet losses corresponding to one of the
different priority levels; and

determining, by the first network node, to perform the 5
load balancing based on a cost function that is
weighted a combination of the determined loading
level and the determined plurality of packet losses
corresponding to the different priority levels of the
traffic. 10



